Introduction
Chronic pain is a common and life-altering condition. The prevalence has been estimated to be 19 percent in the adult population in Europe, a fraction that increases with age [1] . Yet treatment of chronic pain remains complex, especially in older patients who face an ample risk of side effects [2] . Thus, the availability of an efficient analgesic therapy that minimizes side effects is essential [3] .
Pain is typically divided into three levels of severity; mild, moderate, and severe [4] . The choice of analgesic treatment depends on the severity level. Paracetamol is the primary choice when treating chronic pain but is limited to a maximum dose of 3-4 grams per day due to potential side effects, primarily hepatic events [2, 5] . For patients with moderate pain the maximal paracetamol dose often provides insufficient pain relief. In elderly patients the second line pain treatment is opioids [6] .
Due to a severe risk of opioid side effects for patients over the age of 65 the treatment recommendations for chronic pain from the Swedish National Board of Health and Welfare (NBHW) are cautious regarding most opioids for elderly patients [2] . Both COX inhibitors and tramadol, in addition to excessive utilization of paracetamol, are related to increased risks for side effects and are therefore viewed as risky treatments for elderly. Buprenorphine can be administered in low doses, which limits the risk of side effects, and could therefore be a suitable second line pain treatment in Sweden for elderly patients when the maximal dose of paracetamol provides insufficient pain relief. The health economic analysis therefore focuses on the cost-effectiveness of buprenorphine in patients >65 years of age with moderate chronic pain.
This analysis is based on the effect of treatment on healthrelated quality of life (HRQoL) from published studies on buprenorphine and provides an estimation of treatment costs. In cost-effectiveness analyses both HRQoL gains and costs of a suggested treatment regimen are compared to the best available treatment alternative. As the NBHW is cautious regarding opioids apart from buprenorphine when treating patients >65 with moderate chronic pain, the comparator is no treatment. The no-treatment alternative is defined as no opioid treatment, i.e. the maximum paracetamol dose of 4 g per day.
HRQoL is often measured through the generic EuroQol instrument EQ-5D. EQ-5D weights based on interviews of the UK population [7] has been the standard application in Sweden for many years [8, 9] according to recommendations by the Swedish reimbursement authority the Pharmaceutical Benefits Board (TLV) [10] . In the UK interviews, respondents were asked to rank different health states using a hypothetical health approach [7] . In 2013, a Swedish study reassigned the EQ-5D weights based on a Swedish general population health survey. Here, individuals were asked to value their current health state, using an experiencedbased approach [8] .
The objective of this analysis was to investigate the costeffectiveness of a 7-day buprenorphine patch, versus no-treatment, in patients over >50 years of age with moderate chronic pain. An additional aim was to evaluate how the cost-effectiveness is affected by the choice of EQ-5D weights.
Materials and methods

Treatment and sample population
Buprenorphine is a synthetic opioid analgesic available in the form of transdermal patches. The patches are administered every 7th day and are available in three strengths (5, 10 and 20 g/h) that allows for individually adjusted treatment [3, [11] [12] [13] [14] .
The present analysis is based on four clinical trials that evaluated buprenorphine's efficacy and effects on HRQoL [11] [12] [13] [14] . All studies consider patients with moderate to severe chronic osteoarthritis (OA) pain of the hip and/or knee. In three of the studies patients were randomly assigned to either buprenorphine treatment or a control group, where the control group was treated with tramadol [12] , co-codamol [13] or placebo [11] . In the fourth study all patients were treated with buprenorphine [14] . The clinical studies on which this analysis is based are hereafter referred to as the reference studies. The reference studies are summarized in Table 1 .
The reference studies provide evidence of significant treatment effects with favourable global impression of pain relief for buprenorphine treatment, or confirm a non-inferiority assumption, irrespective of patient age [11] [12] [13] [14] . Other previous studies have indicated that buprenorphine has a good tolerability profile and clinical evidence of tolerance development is lacking, implying that dose escalations (and consequent escalation of side effects) are unlikely [3] . Furthermore, buprenorphine is an appropriate treatment of elderly patients as it does not require any adjustment of treatment dose for patients with impaired kidney function [13, 15, 16] . Buprenorphine could therefore be more attractive than other strong opioids in patients with renal failure.
Although buprenorphine is an opioid that is associated with a risk of opioid side effects, it has a reduced risk profile in comparison with other opioids that have proven to be clinically effective [5] . Some of the side effects that are traditionally associated with opioid treatment are severe and may cause health decrements, e.g. dizziness and risk of falling [5, 6, 17] . Yet, the unsuitability of other available opioids mainly applies to patients over 65 years of age with increased risk of side effects. Still a combined cost-effectiveness analysis for patients over 50 years of age was performed. The combined analysis could be motivated by previous studies that show similar pharmacokinetics and pharmacodynamics for buprenorphine in all patients over the age of 50 [12, 18] . Two of the reference studies included patients younger than 50 years of age, but these patients were excluded from the present analysis [11, 12] . The other two reference studies included patients older than 50 and 60 years of age, respectively [13, 14] .
Health-related quality of life
All four reference studies used the generic EuroQol instrument EQ-5D to assess HRQoL [11] [12] [13] [14] . Although EQ-5D data was collected in all reference studies, none of them applied EQ-5D weights or presented any in-depth HRQoL results nor did they explore the treatment effect on HRQoL. Therefore, analyses of the original EQ-5D data collected in each reference study were performed, applying both the UK and the Swedish EQ-5D weights. EQ-5D has five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) and each dimension has three levels of severity corresponding to no problems, some problems, and extreme problems. This allows the generation of 243 (3 5 ) possible combinations, i.e. health states [19] . Each of the 243 EQ-5D health states are assigned a value on a scale from 1 (perfect health) to 0 (death). The more desirable the health state, the higher the ascribed value. Negative values can thus be considered to correspond to health states worse than death [19] . A change in health is then quantified by its corresponding change in EQ-5D value.
At the final visit of each reference study, patients treated with buprenorphine were assumed to have reached their individual optimal pain relief, i.e. their optimal HRQoL level. The difference in EQ-5D estimates between the baseline visit and the final visit was therefore used as a measure of the treatment effect of buprenorphine on HRQoL. These HRQoL changes were estimated for each reference study and are referred to as gains in quality adjusted life years (QALYs).
Patients were allowed paracetamol during the screening phase and as co-administered rescue medication in three of the four reference studies [11, 12, 14] . The forth study allowed ibuprofen instead [13] . The EQ-5D estimate at baseline is thus assumed to correspond to the HRQoL when treated with paracetamol. As it is likely that HRQoL does not change under constant treatment of a chronic disease this analysis assumes that the HRQoL of the no-treatment alternative is constant over time, i.e. the changes in HRQoL of the no-treatment alternative is set to zero.
All statistical analyses of the EQ-5D data were performed using STATA 13 (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP).
Treatment costs
Treatment costs were estimated for a 12-month period, including costs for drugs and physician visits for the two evaluated alternatives; the 7-day buprenorphine patch and the no-treatment alternative.
Pharmaceutical costs were calculated based on the reported optimal treatment dose of buprenorphine in each study plus coadministration of rescue medication (paracetamol, assuming the maximum dose of 4 g per day) [11] [12] [13] [14] . Two of the reference studies present optimal buprenorphine doses and they exclusively fall in the range 10-15 g/h. Consequently the base case cost calculation of buprenorphine treatment considers both a 10-and a 15 g/h dose. The no-treatment alternative was assumed to be the maximum dose of paracetamol, 4 g per day. Thereby, the assumed use of rescue medication is equivalent to the no-treatment alternative.
Since no information regarding the quantity of annual physician visits was available in any of the publications six physician visits were assumed irrespective of treatment alternative. The sixvisit assumption was based on the need of individualized opioid treatment, which requires continuous physician visits [6] . The assumption was strengthened by a European study of chronic pain that stated that 60 percent of all pain patients made between 2 and 9 medical visits during 6 months, converting to 4-18 visits per year [1] . An average of six annual physician visits seems an appropriate, or even conservative, assumption. Throughout the analysis 70 percent of the physician visits were allocated to primary care while the remaining 30 percent was assumed to be specialist visits. The 70/30 allocation is according to estimates of the European study of chronic pain [1] . In the base case analysis of six annual physician visits, the 70/30 allocation correspond to four primary care visits and two specialist visits per year (4/2).
Unit costs for pharmaceuticals and physician visits were collected from official Swedish price lists [15, 20] . All unit costs are expressed in 2013 SEK and presented in Table 2 . 
Incremental cost-effectiveness ratio
An incremental cost-effectiveness ratio (ICER) is the ratio of a change in treatment cost induced by implementation of a new treatment alternative relative to the change in treatment effect, i.e. HRQoL [21] . The ICER hence translates into the cost per gained health effect with the new treatment compared to its alternative. In the present analysis the effects are measured in gained QALYs and the costs refer to treatment costs. Thus, the ICERs are calculated as:
Effect buprenorphine − Effect no-treatment EQ-5D data retrieved from each reference study were evaluated and the corresponding QALY gain from buprenorphine treatment was estimated. The reference studies that generated the largest and smallest QALY gains were then used as a proxy range of the true gain in QALYs from buprenorphine treatment. The assessed QALY range was then applied in the cost-effectiveness calculations in order to establish the minimum and maximum ICER.
Sensitivity analysis
In order to evaluate the robustness of the base case results a number of sensitivity analyses were conducted by varying the uncertain parameters; physician visits, buprenorphine dosage and costs of pharmaceuticals.
The annual physician visits were varied between 4, 10 and 13 for buprenorphine treatment. Keeping the 70/30 visit allocation resulted in a primary-/specialist visit variation as 3/1, 7/3 and 9/4. The number of visits for the no-treatment alternative was fixed at six.
Additionally, a buprenorphine dose of 20 g/h following the base case visit allocation 4/2 was included. The 20 g/h dose, falling outside the optimal-dose range, constitutes a sensitivity analysis in itself and the physician visits were thus not varied for this treatment alternative.
A supplementary sensitivity analysis was performed on the notreatment alternative, where both pharmaceutical cost and number of annual visits were varied.
Results
Health-related quality of life
Results from the analyses of HRQoL data from the reference studies, applying both the UK and the Swedish EQ-5D weights, are presented in Table 3 .
At baseline the UK weights estimate HRQoL to be approximately half as good as in a state of perfect health (0.505-0.592), while the Swedish application value the baseline health at around three quarters of a perfect health state (0.757-0.782).
Furthermore, the estimation with the UK weights shows that buprenorphine treatment increases HRQoL with between 0.042 and 0.118 QALYs annually, depending on reference study. The estimation using Swedish weights is approximately half as large, between 0.020 and 0.051 QALYs.
The results indicate that buprenorphine treatment improves HRQoL, irrespectively of EQ-5D weight set.
Costs
Treatment costs, including both the cost of pharmaceuticals and of physician visits, are presented in Table 4 . In the base case the annual treatment cost of the no-treatment alternative sums to SEK 9 960. The total annual cost of buprenorphine treatment varies with dosage from SEK 14 454 for the 10 g/h patch to SEK 17 017 with the 15 g/h patch.
Incremental cost-effectiveness
The ICER corresponds to the ratio of the additional cost of buprenorphine treatment over the improvement in HRQoL compared to the no-treatment alternative. The results of the base case analysis are presented in Table 5 .
The cost of treatment, and consequently the ICER, varies with the buprenorphine dose. In the base case analyses, the maximum ICER when applying the UK weights is SEK 168 000 per QALY gained, while the corresponding number using the Swedish EQ-5D weights is SEK 353 000.
The highest cost per QALY gained, i.e. the highest ICER value, corresponds to treatment with the more costly buprenorphine dose of 15 g/h. Conversely, the lowest ICER value is found when considering the lower treatment dose, buprenorphine 10 g/h.
The ICERs of the Swedish EQ-5D weights are approximately twice the ICERs of the UK weights in all cases.
Sensitivity analysis
The results from the sensitivity analyses are presented in Table 5 . The ICER-span is between SEK 14 000 and SEK 400 000 with the UK weights and stretch from SEK 33 000 to SEK 840 000 with the Swedish weights.
The main part of the total treatment cost corresponds to costs of physician visits. Consequently, a variation of the number of visits has the highest influence on the ICERs. Again, the ICERs based on the Swedish EQ-5D weights are approximately twice the ICERs estimates using the UK weights.
Varying the annual physician visits of the no-treatment alternative between 4 and 13, when considering the lowest available market price of paracetamol, produced annual treatment costs in the range SEK 4 368-SEK 19 758 (not presented).
Discussion
This health economic analysis evaluates the cost-effectiveness of buprenorphine patches compared to no-treatment in patients with moderate chronic pain over the age of 50, in a Swedish setting. HRQoL data was collected from four clinical trials and annual treatment costs were calculated based on costs of physician visits and pharmaceuticals. The base case result present ICERs up to SEK 168 000 when applying the UK weights and SEK 353 000 with the Swedish EQ-5D weights.
The ICER-values in the sensitivity analysis vary considerably, even under a given EQ-5D weight set. The variation primarily depends on the number of annual physician visits. The conservative assumption potentially causes underestimated treatment costs in absolute terms. Provided that the number of visits is kept equivalent between the evaluated alternatives they will cancel out in the comparison and are irrelevant to the ICER. In addition, patients in the no-treatment group may experience more pain and may therefore be inclined to seek additional medical care. If so, the treatment cost of the no-treatment alternative would increase and further strengthen the cost-effectiveness of buprenorphine.
Sweden presently lacks general guidelines regarding the economic worth of a QALY, although a threshold of SEK 655 000 has been discussed [22] . However, the NBHW has quantified the cost per QALY gained below SEK 100 000 as low and SEK 100 000-SEK 500 000 as moderate [23] . The results of the present analysis state that the treatment effect of buprenorphine generally falls within the moderate cost range. Thus, buprenorphine treatment could be considered cost-effective since the ICER-values correspond to an accepted cost range [22, 23] , particularly since TLV recommends use of the UK weights which generates ICERs below SEK 400 000. Even though the UK and the Swedish HRQoL estimates in this analysis are based on the same EQ-5D data they generate rather diverse estimates, both in absolute terms and regarding the benefit of health improvements. The variations are explained by the EQ-5D weights ascribing different HRQoL values to the same health states. Compared to the estimates using the Swedish weights, the UK weights generate considerably larger QALY gains which results in more cost-effective results.
The UK weights are based on a hypothetical health methodology while the Swedish weights were constructed using an experiencedbased approach. A hypothetical health methodology asks the study participants to rank a provided set of health states without the participant necessarily having personal experience from any of the presented health states. In an experienced-based approach, as that of the Swedish study, the study participants are asked to rank their own current health in relation to a state of perfect health during a given time period. It is a known fact that individuals tend to value their own health state higher than the average population would [24] , which explains the higher estimates in absolute terms when using the Swedish weights. Consequently, an impaired health state such as chronic moderate pain is penalized harder, and an improved health is rewarded more generously, with the UK weights. The variation in penalties are especially large regarding the pain dimension [7, 8] . Therefore the varying HRQoL outcomes between the weight sets in the present analysis are according to expectation. The estimated differences between the UK and the Swedish EQ-5D weights in this analysis may have considerable implications. Health care interventions found cost-effective using the UK weights will not necessarily be cost-effective with the Swedish regimen, or vice versa. Suppliers of health care interventions are often required to provide evidence of cost-effectiveness of their product when applying for reimbursement status, the results of which may be affected by the choice of EQ-5D weights as shown in the present analysis. This in turn implies that the assessment by the reimbursement authority, i.e. what health care intervention reaches the patients, may be determined by the choice of EQ-5D weight set.
Clinical studies show that the 7-day buprenorphine transdermal patch is an effective and well tolerated treatment alternative for patients with moderate to severe chronic pain [11] [12] [13] [14] . These results are supported by the findings of the present analysis where buprenorphine improved HRQoL.
Opioid treatments are known to cause a high frequency of side effects [5] . In one of the reference studies about 30 percent of the patients withdrew from the study due to side effects from buprenorphine [11] . Still, buprenorphine is a more gentle treatment than other available opioids [2] . Costs for treatment of opioid side effects, e.g. nausea, constipation, dizziness and falls are not included in the analysis due to lack of information on incidence and treatment cost of complications. Including the costs of side effects would increase the cost of buprenorphine treatment compared to the no-treatment alternative. Excluding the withdrawn patients in the reference studies is also likely to effect the HRQoL results in favour of buprenorphine. In addition, this analysis also excludes additional costs of potentially insufficient pain management of the no-treatment alternative, which may lead to a need for excess utilization of other health services. These exclusions, due to lack of available data, are a weakness of the present analysis although each exclusion may reduce the effect of the other. Additionally, the effects of unrelieved pain are assumed to be incorporated in the HRQoL assessment.
The buprenorphine doses applied in the present analysis were based on the average doses found in the reference studies, varying between 11 g/h and 14.5 g/h [11, 14] . The highest average dose was found in a patient aged 50-60 while the optimal dose were lower for patients aged 65 or older [14] . The absolute treatment cost of buprenorphine may thus be lower for the >65 than the 50-60 patient group and it is possible that buprenorphine becomes more cost-effective with age. It might therefore be a limitation that the present analysis includes patients between 50 and 65 years of age even though similar pharmacokinetics and pharmacodynamics have been reported for all patients older than 50 years of age [14, 18] .
It is also noteworthy that despite the implied cost-effectiveness of buprenorphine for all analyzed patients, the treatment recommendations for patients aged 50-65 differ from those for patients >65. There are additional recommended treatment alternatives available for the 50-65 age group that face lower risk of opioid side effects, and the present analysis does not rule out that there are more cost-effective alternatives than buprenorphine for these patients.
An advantage of buprenorphine, in addition to the costeffectiveness implied in the results of this analysis, is that it does not require dose adjustment due to renal impairment in contrast to strong opioids. This is partly why buprenorphine may be a suitable opioid treatment alternative. Since many elderly suffer from renal impairment this may further strengthen the attractiveness of buprenorphine for this patient group.
Health economic analyses are performed on a group level, while treatments such as pain management need to be individually tailored for each patient. Therefore, the present analysis cannot rule out that there may be treatment alternatives that are more suitable and more cost-effective than buprenorphine for individual patients, e.g. patients who suffer from side effects of buprenorphine.
Conclusion
The ICERs of the 7-day buprenorphine patch fall within moderate cost per QALY according to the NHBW categorization. Buprenorphine can thus be considered a cost-effective treatment of moderate chronic pain in older patients.
The UK and the Swedish EQ-5D weights generated vastly different HRQoL estimates but buprenorphine remains cost-effective regardless choice of weight set.
Implications
Buprenorphine is a treatment alternative in clinical praxis that could be included in the Swedish reimbursement scheme.
The substantial differences in the HRQoL estimates show that the choice of EQ-5D weight is crucial for the results of a costeffectiveness analysis. Thus, the comparability of studies applying separate weight sets is doubtful. Clear guidelines of the appropriateness of each weight set are thus of utter importance.
